Abstract We used custom mega-prostheses in 57 patients with aggressive benign and malignant tumours of the proximal humerus. The most common tumour was osteosarcoma, followed by giant cell tumour and chondrosarcoma. We achieved extra-articular and wide resection margins in all primary malignant tumours and narrow margins in benign and metastatic tumours. Six patients died of disease, four patients developed local recurrences and 43 were continuously disease free at an average follow-up of 5.5 years (range 2-14.5 years). Five patients required revision replacements. The most common complications were proximal subluxation and aseptic loosening. Functional outcome was satisfactory in 78% of cases.
Introduction
Curative resections of the tumours of proximal humerus have been made possible in this era of limb salvage, with accurate staging and clear preoperative imaging defining the margins of resection [13] . For high-grade sarcomas, careful patient selection, supported by neo-adjuvant and adjuvant chemotherapy with a multi-disciplinary approach, has helped orthopaedic oncologists attain recurrence and mortality rates comparable to those with amputations [4, 5, 21, 23] . However, reconstruction of the proximal humerus remains controversial, with reports that come down for or against various options [9, 10, 20, 25] . The purpose of this study was to analyse the complications and the oncological and functional results of custom mega-prosthetic proximal humeral replacement while evaluating the prosthetic survival rates.
Materials and methods
Between April 1989 and August 2001, 63 patients with proximal humeral tumours underwent limb salvage resection and reconstruction in various institutions. We describe those 57 patients who were followed up for a minimum period of two years following custom mega-prosthetic replacement. There were 28 males and 29 females, mostly in the second or third decade of life, ranging in age from eight to 69 years (mean 27.9 years). The mean follow-up period was 5.5 years.
Diagnosis and grade of tumours
There were 24 patients with osteosarcoma ( Fig. 1) , 11 aggressive giant cell tumours, seven chondrosarcomas, five metastatic lesions and two cases of Ewing's sarcoma (Table 1) . Pre-operative staging evaluation was accomplished using plain radiography in all cases, computerized tomography (31 cases); magnetic resonance imaging (15 cases) and technetium bone scans (12 patients) to assess the soft tissue spread and distant bone metastases. Angiography was performed in four patients.
Histopathological diagnosis was established pre-operatively with open biopsy in 28 patients and closed biopsy or aspiration cytology in the rest. Enneking stages IIA and IIB [7] were those most commonly encountered in malignant tumours, and all the 11 giant cell tumours and both aneurysmal bone cysts were aggressive (stage B 3) . Soft tissue encroachment was observed in 20 cases, and 25 patients presented with pathological fracture. The average length of lesion was 108.3 cm (range 50-210 cm).
Resection
Resection of the two aneurysmal bone cysts (stage B 3) and two angiofibromas (stage B 2) resulted in segmental defects that were large enough to warrant a mega-prosthetic replacement. The giant cell tumours were also aggressive with extensive involvement of the entire proximal humerus, and hence even a marginal resection left us with a segmental loss that necessitated endoprosthetic reconstruction. Resection margins achieved were extra-articular and wide in 38 malignant sarcomas that were in stages IB, IIA or IIB; marginal in the rest of the tumours, including metastatic lesions.
Adjuvant treatment
Pre-operative chemotherapy was given to 19 patients with malignant tumours. Four patients (one giant cell tumour, one metastasis from prostate carcinoma and two cases of osteosarcoma) were referred to us after receiving preoperative radiotherapy. Two patients with giant cell tumour, one with chondrosarcoma and two with osteosarcoma had undergone prior excision or resection with inadequate margins. All patients with osteosarcoma, malignant fibrous histiocytoma and multiple myeloma received post-operative chemotherapy.
Reconstruction
The required dimensions of the prosthesis were estimated using X-rays in all patients. The material that was used to indigenously manufacture these prostheses was surgical stainless steel 316 L in 49 patients and titanium in eight patients. Stainless steel wires or Dacron tapes were used for static suspension to secure the prosthesis proximally to the acromion process. The distal stem of the prosthesis was fixed with polymethylmethacrylate cement in the distal medullary canal (Fig. 2) .
Results
Patients were evaluated every three months during the first year and six monthly for the next two years with physical examination and plain radiography. Long-term follow up was annual. The average duration of follow-up was 5.5 years (range 2-14.5 years). One patient with osteosarcoma and one with aneurysmal bone cyst were lost to follow-up after 3.5 and 5 years respectively.
Complications
One patient had an intra-operative tear of the brachial artery that was repaired successfully with a saphenous venous graft. Two patients had post-operative radial nerve palsy that persisted after surgery. In one patient the distal humeral medullary canal splintered and was secured with stainless steel cerclage wiring until union was achieved.
Two patients developed deep wound infection that necessitated removal and revision in one patient after Mechanical complications included proximal migration of the prosthesis in six patients and aseptic loosening of the distal stem in two, requiring revision in both cases. Two prostheses, one made of stainless steel and the other of titanium, had to be revised following fracture of the humeral stem. Failure of the proximal stainless steel wires causing posterior dislocation was encountered in one patient.
Three patients with osteosarcoma and one with chondrosarcoma (stage IIB) had local recurrence after a mean period of 14.5 months. All four of these recurrent tumours were excised with wider margins. Two patients with osteosarcoma developed lung metastasis, of whom one died and the other was still alive at 53 months of follow-up, with an asymptomatic chest lesion that was detected at 42 months. Three patients with metastatic tumours and three with osteosarcoma died due to distant metastasis.
Functional outcome
As two patients were lost to follow-up, functional outcome was evaluated in 55 patients, using Enneking's modified system of functional evaluation after surgical management of musculoskeletal tumours [6] . This system's rating takes into account active range of movement at the shoulder, pain, stability, deformity, strength in shoulder abduction, functional activity and emotional acceptance. The maximum attainable abduction was 45°, chiefly by scapulothoracic movement. Rotation at the shoulder was restricted to a maximum of 15°in those patients who underwent wide resections of the rotator cuff. Excellent functional outcomes were achieved in 18 patients, good in 25, giving a satisfactory function rate of 78%. Seven patients had a fair outcome, while the outcome in five patients was rated poor.
Oncological outcome
Of the 55 patients available at the latest follow-up, 43 were continuously disease-free and in four patients there was no evidence of disease following surgical management of local recurrence. One patient with osteosarcoma and another with non-Hodgkin's lymphoma were alive with disease, and six patients had died of disease (Table 1) .
Survivorship analysis
Survival analysis was carried out using the Kaplan-Meier survivorship method, taking death as end point for patient survival and mechanical failure, revision or both as end point for prosthesis survival. Prosthetic survival rates were calculated for all the patients (Fig. 3) and were 94.5% and 83% at five and 10 years respectively. Five-year survival rate computed for 34 patients (Fig. 4) with proximal humeral primary sarcomas was 83.2%.
Discussion
Reconstruction of the proximal humerus after tumour resection with autogenous grafts, osteoarticular allografts, prosthetic replacements, allograft-prosthetic composites and autograft-prosthetic composites have all been described in the literature [1-3, 20, 24] . Each of these methods has been the subject of extensive discussion, and each presents unique problems. Endoprosthetic replacement of proximal humerus with modular or customized prostheses is a safe, realistic and reliable [13, 19, 25] option that offers the lowest complication rates [19] and immediate stability for aggressive recovery of active shoulder movement, which facilitates normal functioning of the elbow and hand [16] . A relatively favourable region for reconstruction of large segments after resection of musculoskeletal tumours [13] , proximal humeral endoprosthetic replacement is still a major challenge, in terms of both oncological cure and limitation of functional handicap [3] , that needs to be addressed.
Achieving disease-free margins should be the prime concern in malignant lesions. However, extra-articular wide resections of high-grade extra-compartmental lesions sacrifice the rotator cuff or the abductor mechanism, so that osteoarticular allografts cannot be recommended [9] . Moreover, the high rates of complications [12] such as joint instability, fracture, transmission of infection [22] , non-union and rejection that are observed with osteoarticular allografts preclude [10] such a choice for proximal humeral tumours.
The local recurrence rate of 7% of our series is comparable to that found by Malawer et al. [11, 13] , who reported a lower recurrence rate (2 of 29 patients) for the proximal humerus than for all other sites. Wittig et al. [25] recorded no recurrences in a 10-year follow-up of extraarticular resections in 22 patients with high-grade osteosarcoma of the proximal humerus, reconstructed by cemented endoprosthetic replacement.
The two deep infections that we encountered were in giant cell tumours, of which one had had undergone prior excision and bone grafting. This infection rate of 3.5% is equivalent to those found in other similar series by Fuhrmann et al. [8] and Malawer et al. [11, 13] and superior to those reported in osteoarticular allograft series by O'Connor et al. [15] and Gebhardt et al. [9] who stated rates of 9% and 15% respectively.
As regards giant cell tumours, although endoprosthetic replacement may not be the first line of treatment, resection of large and histological aggressive tumours may necessitate reconstruction, in which endoprosthesis has proven to be a viable option. The present authors have used endoprosthetic replacement for 11 of the 16 patients with highly aggressive proximal humeral giant cell tumours treated in their institution.
With improving overall and disease-free survival rates (78% in our series), tumour resections call for a durable reconstructive option as most of the patients are young. Unrestricted motion cannot be achieved with any method of reconstruction after resections that excise part or all of the deltoid or the rotator cuff. The most important mechanical complication of proximal humeral endoprosthesis [8] is a proximal subluxation of the head, painfully impinging on the subacromial arch. Such complications met with in six of our patients were moderate, causing partial disability and restriction of all movements at the joint, lowering the acceptance levels. This eventually affected the function in all six cases, resulting in a fair or poor rating. All of these six patients refused revision surgery. They underwent extensive soft tissue resection, compromising the stability of the joint. Use of Dacron tapes as part of the primary procedure was inadequate to provide optimal stability and function. Although we did not employ any net or mesh to prevent such a complication, their use may be beneficial in such patients. The decline in the prosthetic survival rate from 94.5% at five years to 88.3% at 10 years with a revision rate of 8.7% cannot be attributed to one single factor. Future studies need to focus on modifying prosthetic design [14, 18] and materials to reduce proximal migration, fracture and aseptic loosening of the humeral stem. Component sizes and design should be guided by an in-depth understanding of the variations in proximal humeral morphology, especially when the normal anatomy is distorted. Even so, these survival rates indicate a mechanical and functional advantage over allograft or arthrodesis [15, 17] .
The long-term oncological results depend largely on the stage of disease and the quality of resection. A reconstructive option that is employed after careful patient selection and pre-operative counselling with regard to the limitations eventually improves the post-operative acceptance levels. Custom mega-prosthetic replacement is an interesting therapeutic option with limited complication rates, giving a useful functional limb compared to other forms of reconstruction.
